The factors affecting glomerular ultrafiltration with elevated ureteral pressure were examined in both plasma-expanded (2.5% body weight) and hydropenic Munich-Wistar rats. Elevated ureteral pressure (20 mm Hg) alternated as the initial condition in both groups. Glomerular capillary hydrostatic pressure (P G ) and Bowman's space pressure (P,) were measured directly in surface glomeruli with a servonulling device (AP -P G -P t ), systemic (w A ) and efferent (ir E ) peritubular capillary oncotic pressures were estimated by microprotein methods, and single-nephron glomerular filtration rates (sngfr) were determined by micropuncture techniques under control ureteral pressure and after increased ureteral pressure in both experimental groups. All data were then applied to equations describing the process of glomerular ultrafiltration to define the profile of effective filtration pressure (EFP = AP -ir) and the glomerular permeability coefficient (LpA), where sngfr = LpA•EFP. In plasma-expanded rats, sngfr fell from 44.8 ± 2.2 to 38.5 ±1.5 nliters/min g" 1 kidney weight (P < 0.025) with elevated ureteral pressure entirely as a result of a decrease in the hydrostatic pressure gradient (AP), since P G did not rise and nephron plasma flow remained constant. In hydropenic rats, sngfr fell from 34.7 ± 1.6 to 27.3 ± 1.6 nliters/min g"" 1 kidney weight with increased ureteral pressure. P G rose 8.7 mm Hg (P < 0.001) due to an increase in vascular resistance between the peritubular capillaries and the renal vein which prevented the reduction in AP. The reduction in sngfr appeared to result from a reduction in L P A resulting in disequilibration of EFP. Nephron plasma flow was not changed. The filtration response to elevated ureteral pressure was modified by the prior state of volume expansion and was not associated with changes in either nephron blood flow or afferent arteriolar resistance.
glomerular hydraulic permeability coefficient (L P A) (5) (6) (7) (8) .
Our knowledge of the mammalian filtration response to increased ureteral pressure has been derived mainly from experimental studies in the dog (1) (2) (3) . Since the nephron is an open system between Bowman's space and the ureter, within reasonable limits, increases in pressure in the proximal tubule and Bowman's space with potential for reductions in AP are to be expected with significant elevations in ureteral pressure.
Following an elevation of ureteral and tubular pressure, significant compensating alterations can occur in the other factors influencing single-nephron glomerular filtration rate which modify or alleviate the effect of increased tubular pressure. At least three potential mechanisms can affect the filtration response to elevated ureteral pressure. First, increases in the rate of nephron plasma flow can maintain the filtration rate while reductions in AP decrease the filtration fraction. Studies in dogs suggest that renal blood flow rises and, with higher ureteral pressures, filtration rate falls at a greater rate than does plasma flow. Certain investigators have suggested that the major site of vasodilation in the dog is at the afferent arteriole, since the efficiency of autoregulation of renal blood flow is reduced at elevated ureteral pressures (9) (10) (11) . Second, compensating increases in glomerular capillary hydrostatic pressure (P G ) can modify the full expression of an increase in tubular pressure (P ( ) and minimize the reduction in AP. Any reduction in AP will also be expressed as a decrease in filtration fraction (5) (6) (7) . This decrease will occur at filtration pressure equilibrium where oncotic pressure rises to a value at the end of the glomerular capillary (ir E ) equal to AP, providing systemic oncotic pressure (ir A ) is relatively constant. Third, a negative influence on filtration can result in which large reductions in either glomerular hydraulic permeability (L p ) or surface area (A) reduce the filtration rate and the filtration fraction (12) .
The present study examined the filtration response to a 20-mm Hg elevation of ureteral pressure in Munich-Wistar rats. Both hydropenic and plasma-expanded rats were studied before and after the elevation of ureteral pressure to determine the effect of prior volume expansion and renal vasodilation on the filtration response to increased ureteral pressure.
Methods
All of the present data were collected by micropuncture experiments in Munich-Wistar rats, a species with several glomeruli on the surface of the kidney accessible to direct micropressure measurements. Our colony of rats was grown and housed at the animal facility of the Veterans Administration Hospital, San Diego, California. Rats were anesthetized with Inactin (100 mg/kg, ip).
Surgical preparation of the rats for micropuncture was carried out as described previously (5, 6, 12, 13) . In all rats, a PE50 catheter was placed in the left ureter within 1 cm of the renal pelvis following placement of the left kidney in a Lucite cup. Urine from the right kidney was collected from a PE50 catheter placed in the bladder.
EXPERIMENTAL DESIGN
Studies were conducted in two groups of rats: (1) rats which were expanded with isoncotic plasma obtained from donor rats on the morning of the study and (2) hydropenic rats. The protocol in the plasma-expanded group involved the infusion of a 2.5% body weight volume of isoncotic plasma over a period of 60 minutes. At the end of this period, the rate of total urine flow was measured, and the rate of infusion of isotonic NaCl-NaHC0 3 was set to equal the urine output and maintain the degree of expansion. All measurements were obtained in the initial condition, and either plasma expansion or plasma expansion with elevation of ureteral pressure was alternated as the initial condition. Following measurements, the opposite condition was produced, and all measurements were repeated. This same protocol of alternating ureteral obstruction as the initial condition was utilized in the hydropenic rats. The rationale of this experimental design is based on controlling for the effect of time alone on all measured parameters affecting glomerular filtration.
The ureteral catheter at normal pressures was approximately 3-4 cm in length. To elevate ureteral pressure, a longer, fluid-filled catheter was attached to the shorter ureteral catheter and raised to a height equivalent to 20 mm Hg. To effect the transition from elevated to normal ureteral pressure, the longer catheter was disconnected and the urine was drained from the shorter ureteral catheter. Following both elevation and return of ureteral pressure to normal, a period of 15 minutes transpired before further measurements were obtained in both experimental groups.
In both the initial and the second experimental periods, a set of 4-5 nephron filtration rates was obtained. Sharpened micropipetes (8-11/x, o.d.) filled with colored mineral oil were utilized. After insertion of the pipette into the proximal tubule, a mineral oil block of at least 3-4 tubular diameters was placed and collection of proximal tubular fluid was initiated by gentle aspiration. Timed collections were 3-4 minutes in duration and usually spontaneous. Total glomerular filtration rate was measured from the right kidney under both conditions and from the left kidney at normal ureteral pressures. Because of the large dead space in the obstructed ureteral catheter, no attempt was made to measure total glomerular filtration rate under this condition.
At least three efferent peritubular capillary blood samples were obtained under each condition in both groups. Collections were made from the largest "star" vessels utilizing mineral oil-filled micropipettes with 13-16/u (o.d.) tips (previously coated with Dow-Corning 1107 and baked at 200-250°C for 2 hours). Following blood collections, the pipette tip was sealed, and the red blood cells were separated quickly from the plasma.
MEASUREMENTS OF HYDROSTATIC PRESSURES
During the obstructed and unobstructed states, pressures in the glomerular capillary, Bowman's space, and the largest efferent peritubular capillary were measured in both groups. Pressures were measured with a servonulling device utilizing glass pipettes filled with 1M NaCl and having outer tip diameters of 1/*. The specific function of the servonulling device has been previously described in detail (13) . A stable pressure can only be obtained if the tip of the measuring pipette is unobstructed within the capillary lumen. Pressures were time averaged over at least 15-20 seconds and usually over much longer periods. The pulse contour of the pressure measurements was monitored continuously with a long phosphor oscilloscope. Glomerular capillary pressures produced an aortic pulse contour, and efferent peritubular capillaries exhibited an arterial pulse contour of lower amplitude.
ANALYTIC METHODS
Single-nephron glomerular filtration rate and totalkidney glomerular filtration rate were estimated from the clearance of M C-inulin (New England Nuclear Corp.) as described in previous publications from this laboratory (5, 6, 12, 13) . Urine was collected in weighed containers under oil. Arterial plasma samples were collected in heparinized capillary tubes. Arterial blood samples for protein determinations were collected in siliconized glass capillary tubes. The M C counts in plasma, urine, and tubular fluid samples were monitored on a Packard liquid scintillation counter (model 2425). Single-nephron glomerular filtration rate (sngfr) was calculated as the total count rate collected per minute (UV) divided by the plasma count rate (P) (corrected for plasma water) (sngfr = IN IP).
The microprotein determinations were performed by a modification of the Lowry protein method (14) similar to that described by Brenner et al. (15) and as previously described in modified form in reports from this laboratory (5, 6) . Microcapillary pipettes were specially coated to prevent clotting of blood (Dow-Corning 1107, 2.5% in trichlorethylene, and then baked at 200°C for 2 hours). The peritubular capillary blood sample was sealed at the tip with Eastman 910, and the red cells were separated from the plasma by centrifugation. At least three 7-nliter plasma samples were obtained from each of three collections, and each sample was tested in triplicate. Three 7-nliter samples were also taken from the aortic blood collection obtained concurrently with the peritubular capillary samples and read in triplicate. Concentrations from these samples were estimated by comparison with a standard curve of known protein concentrations handled in identical fashion with 7-nliter protein samples. The standard curve was determined by linear regression analysis to best fit for a curve utilizing all standard readings. The correlation coefficient for the standard curves was usually greater than r = 0.99 and always greater than r = 0.98. As a further check on protein values, another modification of the Lowry protein method was performed on all aortic samples which utilized 2-jtliter plasma samples (14) . The samples were rejected if obvious hemolysis occurred.
Urine and plasma sodium concentrations were determined on an Instrumentation Laboratories flame photometer.
CALCULATIONS
Single-nephron filtration fraction (snff) was calculated as snff = 1 -CJC, (1) where C A = systemic arterial protein concentration and C E equals efferent peritubular capillary protein concentration. Single-nephron plasma flow (rpf) was calculated as
Single-nephron blood flow (rbf) was calculated as
where Hct equals hematocrit as a fraction of 1. Afferent arteriolar resistance (AR) was calculated as AR = (MABP -P a )/rbf,
where MABP is mean arterial blood pressure (mm Hg) and P a equals glomerular capillary hydrostatic pressure. Efferent arteriolar resistance (ER) was calculated as
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where .ftVis renal vein hydrostatic pressure (assumed to be 3 mm Hg) and DR is the total vascular resistance between the most proximal peritubular capillary and the renal vein. The quantity [rbf -(sngfr/2)] assumes that the average flow is equal to that value where 50% of the reabsorbate has been returned to capillary flow. The relationship between protein concentration (C) and oncotic pressure (ir) has been described by Landis and Pappenheimer (16):
when ir is expressed in mm Hg. We have simplified this expression for use in the mathematical calculations by a best-fit analysis to the Landis-Pappenheimer equation by least squares using well-established computer methods (5, 6) (programs are on file at the University of California at the San Diego Computer Facility):
These coefficients for C and C 2 were utilized in all calculations in this study during hydropenia and ureteral obstruction. We have clearly demonstrated that total protein is approximately 50% albumin during hydropenia, and we assumed that neither the infusion of donor plasma nor ureteral obstruction altered this distribution of total protein between globulin and albumin.
The hydrostatic pressure gradient across the glomerular capillary (AP) was defined AP = P a -P,, (9) where P G is directly measured glomerular capillary hydrostatic pressure and P, is Bowman's space hydrostatic pressure.
The effective filtration pressure (EFP) for filtration was defined as
Since ir rises along the capillary length (x*) as a result of the formation of glomerular filtrate and the resultant concentration of protein (C), the mean effective filtration pressure (EFP) was defined as
and
where sngfr is single-nephron glomerular filtration rate, x* is normalized unit glomerular length, and L P A is the glomerular permeability coefficient, where L p is the local capillary permeability and A is the glomerular surface area.
Determination of the profile of effective filtration pressure (EFP) along the length of the glomerular capillary (x*), where EFP = AP -ir, requires a method of generating this curve accurately and integrating the curve to define a mean effective filtration pressure (EFP). A value for total glomerular permeability (L P A) can also be calculated by this technique (sngfr = L P A EFP). We have developed a method utilizing iterative techniques to determine the effective filtration pressure profile and calculate total glomerular permeability (6) . We can calculate EFP and L P A, and, utilizing the iterative method, we can separate and quantify the individual factors that act to alter the nephron filtration rate (5, 6) . Data required for such calculations are the systemic and efferent peritubular capillary protein concentrations, the nephron plasma flow, and the hydrostatic pressure gradient acting across the glomerular capillary membrane (AP). The iterative method has been described in detail in a previous publication (6) .
STATISTICAL ANALYSIS
Calculations of the EFP profile and L P A were conducted for each rat. Animal mean values for these computer input data were carried through the mathematical calculations with their estimates of variance to define the exact variance of both EFP and L P A in each rat and overall. Statistical analyses of this type were also required to determine with confidence if filtration equilibrium occurred or if efferent effective filtration pressure (EFP E ) was significantly positive. Significance of data between groups was determined by Student's t-test (17) .
Results

PLASMA EXPANSION GROUP
The effects of elevated ureteral pressure in eight plasma-expanded rats are summarized in Table 1 . The separation of the rats into groups was dictated by the order of the control and experimental sequence. Single-nephron glomerular filtration rate fell 6.3 ± 2.7 nliters/min g" 1 kidney weight with elevated ureteral pressure (P < 0.025). This change in sngfr was associated with a rise in Bowman's space pressure (P t ) of 6.7 ± 0.9 mm Hg (P < 0.001) with no corresponding rise in the glomerular hydrostatic pressure (P G ) {P > 0.97). The glomerular capillary hydrostatic pressure gradient (AP) fell 6.7 ± 1.8 mm Hg (P < 0.001) ( Table 1 ). There was no significant difference in either nephron plasma flow (rpf) ( P > 0.30), nephron blood flow (P> 0.10), or afferent arteriolar resistance (AR) (P > 0.20) following elevation in ureteral pressure in plasmaexpanded rats. Examination of changes in each individual paired study revealed that significant variation occurred among rats. In most studies nephron plasma flow {rpf) was numerically lower in the experimental period; in those studies in which control rpf was lower, the control period followed the increase in ureteral pressure. This additional influence of the experimental sequence also contributed to the fact that the mean afferent arteriolar resistance (AR) was numerically quite different, but this difference was not statistically significant. We can conclude with assurance that increased ureteral pressure did not reduce afferent arteriolar resistance {AR) or increase nephron plasma flow (rpf) in the rat.
There were no discernible changes in either systemic (18.6 ± 0.6 to 17.6 ± 1.4 mm Hg) or efferent arteriolar (29.2 ± 1.1 to 31.0 ± 2.4 mm Hg) oncotic pressure from control to ureteral pressure elevation (P > 0.50 and P > 0.10, respectively).
The final factor involved in the determination of single-nephron glomerular filtration rate is the glomerular capillary permeability coefficient (L P A). A specific value of L P A cannot be determined at filtration pressure equilibrium as was the case in three of the control plasma-expanded rats and five of the expanded rats following increased ureteral pressure. In these rats, only a minimum estimate of L P A could be ascertained, and utilizing these values in the paired observations we found an L P A of 0.11 ± 0.02 nliters/sec mm Hg" 1 g" 1 kidney weight in the ureteral obstruction state vs. a control value of 0.075 ± 0.016 nliters/sec mm Hg" 1 g" 1 kidney weight. When all values were considered, L P A averaged 0.116 ± 0.02 in the control condition and 0.066 ± 0.012 nliters/sec mm Hg" 1 g" 1 kidney weight during elevated ureteral pressure. Table 2 shows the values for LpA in each study. If filtration pressure equilibrium was achieved, the minimum possible estimate for L P A is depicted. Although apparent variations in L P A occurred within paired studies, no consistent significant change in L P A was observed.
The mean efferent effective filtration pressure (EFP E ) in the control plasma volume expansion state remained significantly positive, whereas EFP E after increased ureteral pressure could not be differentiated from zero.
Mean arterial blood pressure was not altered by elevated ureteral pressure (P > 0.10), and both efferent arteriolar (P > 0.50) and distal efferent vascular resistances (P > 0.20) were unaltered following increased ureteral pressure. In spite of the apparently unchanged vascular resistance, efferent peritubular capillary hydrostatic pressure rose from 21.2 ± 1.7 to 29.0 ± 1.3 mm Hg (P < 0.001).
HYDROPENIC GROUP
Results of studies on 11 hydropenic rats are summarized in Table 3 . In this group, results are shown individually and are separated into two subgroups to demonstrate the potential effects of the sequence of elevated ureteral pressure and control conditions. In both subgroups, the Bowman's space pressure (P t ) rose with increased ureteral pressure. However, there was a definite tendency for P t to be approximately 5 mm Hg Circulation Research, Vol. 37, December 1975 All values are expressed as means ± SE. MABP = mean arterial blood pressure, P u = glomerular capillary hydrostatic pressure, P, = Bowman's space hydrostatic pressure, AP = hydrostatic pressure gradient across the glomerular capillary (AP = P G -P,), II E = efferent oncotic pressure, sngfr = single-nephron glomerular filtration rate, rpf = nephron plasma flow, AR = afferent arteriolar resistance, ER = efferent arteriolar resistance, and DR = distal efferent resistance. N = number of determinations. higher in both conditions in the subgroup in which control pressures preceded the elevation in ureteral pressure.
Single-nephron glomerular filtration rate decreased significantly from 34.7 ± 1.6 (N = 44) in the hydropenic control condition to 27.3 ±1.6 nliters/ min g" 1 kidney weight (N = 54) following elevated ureteral pressure (P < 0.005). In contrast to the studies in plasma-expanded rats, P G rose 8.7 ± 2.0 mm Hg (P < 0.001, N = 36) and nearly compensated for the 10.3 ± 1 . 0 mm Hg rise in Bowman's space pressure. As a result of the rise in P a , APwas unchanged and therefore did not contribute to the reduction in sngfr. The nephron plasma flow {rpf) was not different following an elevation in ureteral pressure (P > 0.50). This finding was, in part, due to the tendency for rpf to be lower in the second period, whether control or experimental. Nephron blood flow (rbf) was unchanged, and the nephron filtration fraction was 0.36 ± 0.03 in the control period and 0.32 ± 0.02 following ureteral obstruction (P > 0.20).
The systemic oncotic pressure (tr A ) was not different in the control period (15.2 ± 1.0 mm Hg) and during the period of increased ureteral pressure (14.9 ± 0.9 mm Hg) (P > 0.80). Efferent oncotic pressure (ir E ) was 30.2 ± 2.6 mm Hg at control pressures and 27.1 ± 1.3 mm Hg following ureteral obstruction (P > 0.40). Mean arterial blood pressure was also unchanged (Table 3) .
Therefore, when overall data were analyzed, three of the four factors which affect single-nephron glomerular filtration rate were not statistically different; however, sngfr fell significantly. Before reexamining the issue of the mechanism of reduced sngfr, let us review both the specific alterations in segmental vascular resistance and the effect of time and the sequence of the experimental maneuver on the results.
An important difference between the response in the hydropenic and the plasma-expanded groups is the finding of a compensating rise in P G in the hydropenic group (Table 3 ). There was also a large rise in efferent peritubular capillary hydrostatic pressure from 17.1 ± 1.2 to 31.5 ± 1.1 mm Hg in hydropenic rats (P < 0.001). Both afferent and efferent arteriolar resistances were unchanged, but the distal efferent vascular resistance rose from (6.4 ± 0.8) x 10 9 dynes sec/cm 5 to (15.2 ± 0.24) x 10 9 dynes sec/cm 5 ( P < 0.01) ( Table 3 ). Since afferent and efferent resistances were unchanged, the rise in P G was at least in part a result of increased distal efferent vascular resistance.
When the two subgroups of hydropenic rats in which the experimental sequence differed are compared, small but relevant differences occurred between groups. When the control pressure was first in the sequence (N = 4), sngfr fell from 36.2 ± 4.1 to 25.1 ± 2.4 nliters/min g" 1 kidney weight (P < 0.025); however, when elevated ureteral pressure was first in the sequence, the numerical difference (33.3 ± 4.3 in hydropenia to 28.8 ± 2.2 nliters/ min g~l kidney weight after the increase in ureteral pressure) was not significant (P > 0.40). This finding implies only that the sequence order of control and experimental periods also had a modifying influence on the quantitative reduction in sngfr with increased ureteral pressure. Overall sngfr fell significantly (P < 0.005). In addition, P G was significantly lower at normal pressures only in the group in which control pressure followed a period of elevated ureteral pressure (Table 3) . However, when considered together, elevated ureteral pressure was associated with a highly significant change in P G . Regardless of experimental order, AP did not change (P > 0.10 and P > 0.50 for the two subgroups).
We have stressed the small differences that result from the sequence of experimental maneuvers in an attempt to explain the significant differences in the profile of effective filtration pressure that occurred following increased ureteral pressure. In previous studies from this laboratory (5, 6, 12) , we have consistently demonstrated filtration pressure equilibrium in the hydropenic Munich-Wistar rat, where EFP E is approximately zero (ir E « AP). When the hydropenic control pressure was first in the sequence, we again ob- Vol. 37, December 1975 served an EFP E that was not different from zero (EFP E = 3.2 ± 3.5 mm Hg, P > 0.40, Table 3 ). However, when the EFP profile was examined during elevated ureteral pressure, whether first or second in the sequence, EFP E was significantly greater than zero and disequilibrated at 7.8 ± 1.7 mm Hg (P < 0.005). When the control ureteral pressure was reestablished following elevated ureteral pressure, the disequilibration of EFP E persisted at 7.1 ±1.3 mm Hg (P < 0.05 when EFP E is compared with zero or ir £ is compared with AP).
The EFP E during elevated ureteral pressure was not only higher than it was during the initial control hydropenic condition but also higher than it was during the elevated ureteral pressure condition in the plasma-expanded group (P < 0.05) in spite of the higher nephron plasma flow in this group.
An accurate value for L P A cannot be defined at filtration pressure equilibrium. The effective filtration pressure can only be disequilibrated by two events: (1) an increase in nephron plasma flow (rpf) and (2) a large reduction in L P A. Since rp/did not increase with elevated ureteral pressure in the hydropenic rats, we must conclude that L P A was reduced with increased ureteral pressure in this group. L P A following elevated ureteral pressure could be calculated accurately because of the disequilibration of EFP and was 0.04 ± 0.006 nliters/sec mm Hg"' g"' kidney weight. This value is both lower than values we have reported previously for Munich-Wistar rats (5, 6, 12) and much lower than the L P A values in plasma-expanded rats at elevated ureteral pressures (P < 0.005). Interestingly, this finding of a depressed L P A persisted at control pressures following return to normal ureteral pressure, suggesting that the second hydropenic control pressure group has been significantly altered by prior elevation in ureteral pressure. From the foregoing analysis, we conclude that the reduction in sngfr following increased ureteral pressure in the hydropenic rat is primarily the result of decreased L P A, a condition which persists following return to control pressures.
Discussion
The results of this study suggest that the filtration response to elevated ureteral pressure in the rat is a rather complex process. The findings suggest that mechanisms affecting this filtration response to increased ureteral pressure are influenced by the prior state of volume expansion and renal vascular resistance. Also, the mechanisms which modify the response to elevated Circulation Research, Vol. 37, December 1975 tubular and ureteral pressure in the rat appear to differ significantly from the response which has been recognized in the dog (1, 3, (9) (10) (11) .
The techniques utilized in the present study provided certain specific advantages over prior investigations in this area, since we were able, through direct assessment of pressures and flows within the renal microvasculature, to determine the exact alterations in local pressures and resistances which resulted from elevations in ureteral pressure in both hydropenic and plasma-expanded conditions.
Our concepts of the blood flow response to elevated ureteral pressure have been derived primarily from studies in the dog. Renal vasodilation has been observed with partial ureteral obstruction in the dog, and presumably this response sho-ild maintain the rate of filtration (1) (2) (3) (9) (10) (11) . Since the efficiency of autoregulation of renal blood flow is also reduced, several investigators have concluded that the major site of reduction in vascular resistance is at the afferent arteriole (9) (10) (11) . The present findings demonstrate that with a 20-mm Hg increase in ureteral pressure in the rat no such vasodilation or increase in nephron blood flow occurs. It remains possible that the apparent differences between the rat and the dog are due to the fact that we analyzed only superficial nephron function, and data from the dog are based on total renal blood flow (1, 3, (9) (10) (11) . This postulate would require the increase in renal blood flow observed following ureteral obstruction in the dog to occur primarily in nephrons below the surface. Such a "redistribution" of blood flow has been observed with ureteral obstruction in the dog (18, 19) . Support for the Bayliss-Starling hypothesis of renal blood flow autoregulation has been derived from studies on ureteral obstruction in the dog (20). According to the hypothesis, elevations in either extravascular or interstitial pressure should result in renal vasodilation to maintain vascular "wall tension" constant. The finding of renal vasodilation with ureteral obstruction in the dog has been utilized to support this theory. The present data suggest that, in the rat, elevation in tubular pressure in response to a 20-mm Hg increase in ureteral pressure does not result in reduction in afferent arteriolar vascular resistance in superficial nephrons.
The changes in afferent resistance in the plasmaexpanded group were quite variable, in part, as a result of the experimental design in which the control condition alternated as the initial condition. The order of experimental sequence or time All values are means ± SE. Abbreviations are the same as they are in Table 1. alone appeared to have a distinct effect upon afferent arteriolar resistance which increased the apparent variation in response to increased ureteral pressure.
Only in the hydropenic rat was there evidence for a compensating increase in glomerular capillary hydrostatic pressure in response to the increase in tubular pressure. This increase diminished the reduction in AP and thereby minimized the full expression of the rise in tubular pressure. There was no evidence for either afferent arteriolar dilation or efferent arteriolar constriction. The only consistent resistance alteration beyond the glomerular capillary was an increase in the more distal efferent vascular resistance between the largest, most proximal peritubular capillary and the renal vein. The finding of increased P G with increased ureteral pressure in the hydropenic rat has specific implications for methods that utilize elevation of ureteral pressure to estimate the glomerular capillary hydrostatic pressure (2, 21, 22) .
The specific mechanisms whereby nephron filtration rate fell with elevated ureteral pressure differed between the hydropenic and plasmaexpanded groups. In the plasma-expanded group, the reduction in filtration rate was entirely the result of a large reduction in the hydrostatic pressure gradient across the glomerular membrane (AP). However, in the hydropenic rat, although AP and rpf were numerically different, neither factor changed significantly. In the initial hydropenic condition, the efferent effective filtration pressure (EFP E = AP -ic E ) was not different from zero, defining a condition of filtration pressure equilibrium. In our experience, filtration pressure equilibrium is the rule during hydropenia, as demonstrated in several previous studies from this laboratory (5, 6, 12) and the laboratory of Brenner and his co-workers (7, 8) . Following elevation of ureteral pressure, EFP E was usually positive and overall was significantly greater than zero, indicating disequilibration of the effective filtration pressure. When hydropenia followed the ureteral pressure period, the efferent effective filtration pressure was also disequilibrated. Since disequilibration of the effective filtration pressure can only be produced by either increases in nephron plasma flow or significant reductions in L P A (5, 6, 12) , we must conclude that the glomerular permeability coefficient was reduced by increased ureteral pressure in 8 2 8
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the hydropenic condition and contributed to the decrease in sngfr. This reduction tended to persist in the hydropenic rat following the return of pressure to normal values.
The decrease in L P A could be the result of a reduction in either hydraulic permeability (L P ) of the glomerular capillary or of surface area (A). We have no direct evidence which differentiates these two possibilities. Since rbf did not fall, it is possible that an alteration in local permeability contributed to this change.
When elevated ureteral pressure was the initial condition in the hydropenic rat, the normal pressure period which followed appeared to differ from the initial hydropenic period. Efferent effective filtration pressure (EFP E ) remained positive. This finding implies only that the reduction in L P A did not require continued elevation in Bowman's space pressure and that compression of capillary loops was not the singular explanation through a reduction in glomerular surface area (A).
A reduction in afferent arteriolar resistance is an event that logically results in an increase in P o -The increase in P G observed with elevated ureteral pressure in hydropenic rats was not the result of changes in AR. It is possible that changes in glomerular vascular resistance could have produced the increase in P G or that this elevation was entirely the result of the significant increase in distal efferent vascular resistance.
Prior volume expansion altered the response to increased ureteral pressure. The nephron filtration rate fell a similar degree in both groups; however, the reduction in sngfr in the plasma-expanded rats was entirely due to the lack of a compensating rise in P G -In the plasma-expanded rats, there was no evidence of a reduction in L P A with increased ureteral pressure. Both findings may be the result of the lower vascular resistance and the higher initial blood flow in the plasma-expanded rats. However, an alternative explanation is that prior plasma expansion may have suppressed the activity of a biologic system which is normally activated by elevated ureteral pressure (23) . Recent studies from this laboratory have suggested that infusion of angiotensin II reduces L P A (24) . Other laboratories have shown that angiotensin II reduces glomerular capillary radius in subpressor quantities (25) . We have no direct evidence in this study for this alternative, but local release of angiotensin II and other biologically active compounds remains a possible explanation. Plasma expansion is a stronger stimulus for afferent arteriolar vasodila-tion than is elevated ureteral pressure in the hydropenic rat. This finding does not disprove the Bayliss-Starling hypothesis for the rat (20), since plasma expansion also elevates tubular and presumably interstitial pressure to a significant degree (12, 26) . However, other factors which affect afferent arteriolar resistance must have modified the full expression of elevated ureteral and intrarenal pressure on afferent arteriolar resistance.
In summary, elevations in ureteral pressure to 20 mm Hg, a level sufficient to reduce nephron filtration rate, are not associated with increases in nephron blood flow in either the hydropenic or the plasma-expanded rat. The mechanisms whereby nephron filtration rate decreases with elevated ureteral pressure in the rat are greatly modified and dictated by the prior state of volume expansion.
